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1
SOLAR CELL AND METHOD OF
MANUFACTURING THE SAME

This application claims priority to and the benefit of
Korean Patent Application No. 10-2008-00115121 filed in
the Korean Intellectual Property Office on Nov. 19, 2008, the
entire contents of which are incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

Embodiments of the invention relate to a solar cell and a
method of manufacturing the same.

2. Description of the Related Art

Recently, as existing energy sources such as petroleum and
coal are expected to be depleted, interests in alternative
energy sources for replacing the existing energy sources are
increasing. Among the alternative energy sources, solar cells
have been particularly spotlighted because, as cells for gen-
erating electric energy from solar energy, the solar cells are
able to draw energy from an abundant source and do not cause
environmental pollution.

A solar cell generally includes a substrate and an emitter
layer, each of which is formed of a semiconductor, and elec-
trodes respectively formed on the substrate and the emitter
layer. The semiconductors forming the substrate and the emit-
ter layer have different conductive types, such as a p-type and
ann-type. A p-n junction is formed at an interface between the
substrate and the emitter layer.

When light is incident on the solar cell, a plurality of
electron-hole pairs are generated in the semiconductors. The
electron-hole pairs are separated into electrons and holes by
the photovoltaic effect. Thus, the separated electrons move to
the n-type semiconductor (e.g., the emitter layer) and the
separated holes move to the p-type semiconductor (e.g., the
substrate), and then the electrons and holes are collected by
the electrodes electrically connected to the emitter layer and
the substrate, respectively. The electrodes are connected to
each other using electric wires to thereby obtain electric
power.

Because the electrodes respectively connected to the sub-
strate and the emitter layer are respectively positioned on the
substrate and the emitter layer, the electrodes collect the holes
and the electrons respectively moving to the substrate and the
emitter layer and allow the holes and the electrons to move to
a load connected to the outside.

However, in this case, because the electrodes are formed on
the emitter layer on an incident surface of the substrate, on
which light is incident, as well as a non-incident surface of the
substrate, on which light is not incident, an incident area of
light decreases. Hence, efficiency of the solar cell is reduced.

Accordingly, a back contact solar cell was developed so as
to increase the incident area of light. In the back contact solar
cell, all of electrodes collecting electrons and holes are
formed on a rear surface of a substrate.

SUMMARY OF THE INVENTION

In one aspect, there is a solar cell including a substrate, at
least one emitter layer on the substrate, at least one first
electrode electrically connected to the at least one emitter
layer, and at least one second electrode electrically connected
to the substrate, wherein at least one of the first electrode and
the second electrode is formed using a plating method.

At least one of the first electrode and the second electrode
may include a first conductive layer and a second conductive
layer on the first conductive layer.

5

10

15

20

25

30

35

40

45

50

55

60

65

2

A density of the first conductive layer may be different
from a density of the second conductive layer. The density of
the second conductive layer may be greater than the density of
the first conductive layer.

The first conductive layer may be formed of a conductive
metal material or a transparent conductive material. The sec-
ond conductive layer may be formed of a conductive metal
material.

At least one of the first electrode and the second electrode
may have specific resistance of about 3.3x107° Qcm. At least
one of the first electrode and the second electrode may have a
width of about 10 um to 100 pm. At least one of the first
electrode and the second electrode may have a height of about
10 um to 20 pm.

The substrate and the at least one emitter layer may be
formed of different forms of silicon.

The substrate may be formed of crystalline silicon, and the
at least one emitter layer may be formed of amorphous sili-
con.

The solar cell may further include a transparent conductive
oxide layer on the at least one emitter layer. The at least one
first electrode may be electrically connected to the at least one
emitter layer through the transparent conductive oxide layer.

The at least one first electrode and the at least one second
electrode may be positioned on opposite surfaces of the sub-
strate.

The solar cell may further include a first transparent con-
ductive oxide layer on the at least one emitter layer and a
second transparent conductive oxide layer on the substrate.
The at least one first electrode may be electrically connected
to the at least one emitter layer through the first transparent
conductive oxide layer, and the at least one second electrode
may be electrically connected to the substrate through the
second transparent conductive oxide layer.

The at least one first electrode and the at least one second
electrode may be positioned on opposite surfaces of the sub-
strate.

The solar cell may further include at least one back surface
field layer on the substrate. The at least one second electrode
may be electrically connected to the substrate through the at
least one back surface field layer.

The at least one emitter layer and the at least one back
surface field layer may be positioned on the same surface of
the substrate.

In another aspect, there is a solar cell including a substrate
formed of a first semiconductor, a plurality of emitter layers
on the substrate, the plurality of emitter layers being formed
of a second semiconductor different from the first semicon-
ductor, a plurality of first electrodes electrically connected to
the plurality of emitter layers, and a plurality of second elec-
trodes electrically connected to the substrate, wherein at least
one of the first electrode and the second electrode is formed
using a plating method.

At least one of the first electrode and the second electrode
may include a first conductive layer, and a second conductive
layer on the first conductive layer.

A density of the second conductive layer may be greater
than a density of the first conductive layer.

The plurality of emitter layers and the plurality of first
electrodes may be positioned on the same surface of the
substrate as the plurality of second electrodes.

In another aspect, there is a method of manufacturing a
solar cell including forming an emitter layer of a second
conductive type opposite a first conductive type on a substrate
of the first conductive type, and forming a first electrode
electrically connected to the emitter layer and a second elec-
trode electrically connected to the substrate, wherein the
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forming of the first and second electrodes includes plating a
conductive material to form at least one of the first and second
electrodes, and the substrate and the emitter layer are formed
of different semiconductors.

The forming of'the first and second electrodes may include
forming a transparent conductive oxide layer on at least one
of' the substrate and the emitter layer, forming a first conduc-
tive layer on a portion of the transparent conductive oxide
layer using a direct printing method, and plating the conduc-
tive material on the first conductive layer using the first con-
ductive layer as a seed layer to form a second conductive layer
on the first conductive layer and thereby forming at least one
of the first and second electrodes.

The forming of'the first and second electrodes may include
forming a transparent conductive oxide layer on at least one
of'the substrate and the emitter layer, forming a plating resist
layer on a portion of the transparent conductive oxide layer to
expose another portion of the transparent conductive oxide
layer, plating the conductive material on the exposed portion
of the transparent conductive oxide layer using the exposed
portion of the transparent conductive oxide layer as a seed
layer to form at least one of the first and second electrodes,
and removing the plating resist layer.

The forming of'the first and second electrodes may include
forming a first conductive layer on a portion of at least one of
the substrate and the emitter layer using a direct printing
method, and plating the conductive material on the first con-
ductive layer using the first conductive layer as a seed layer to
form a second conductive layer on the first conductive layer
and thereby forming at least one of the first and second elec-
trodes.

The first electrode and the second electrode may be posi-
tioned on the same surface of the substrate.

The forming of'the first and second electrodes may include
forming a conductive layer on at least one of the substrate and
the emitter layer, forming a plating resist layer on a portion of
the conductive layer to expose a portion of the conductive
layer, plating the conductive material on the exposed portion
of the conductive layer using the exposed portion of the
conductive layer as a seed layer to form at least one of the first
and second electrodes, forming an etch stop layer on at least
one of the first and second electrodes to expose the plating
resist layer, and removing the exposed plating resist layer and
the conductive layer underlying the exposed plating resist
layer and removing the etch stop layer.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are included to pro-
vide a further understanding of the invention and are incor-
porated in and constitute a part of this specification, illustrate
embodiments of the invention and together with the descrip-
tion serve to explain the principles of the invention. In the
drawings:

FIG. 1is a partial perspective view of a solar cell according
to an embodiment of the invention;

FIG. 2 is a cross-sectional view taken along the line II-IT of
FIG. 1,

FIG. 3 illustrates an example of a width and a thickness of
a front electrode;

FIGS. 4A to 4D are cross-sectional views sequentially
illustrating each of stages in a method of manufacturing a
solar cell according to an embodiment of the invention;

FIG. 5 is a partial cross-sectional view of a solar cell
according to another embodiment of the invention;
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FIGS. 6A to 6E are cross-sectional views sequentially
illustrating each of stages in a method of manufacturing a
solar cell according to another embodiment of the invention;

FIG. 7 is a partial cross-sectional view of a solar cell
according to another embodiment of the invention;

FIG. 8 is a partial perspective view of a solar cell according
to another embodiment of the invention;

FIG. 9 is a cross-sectional view taken along the line IX-IX
of FIG. 8;

FIGS. 10A to 10E are cross-sectional views sequentially
illustrating each of stages in a method of manufacturing a
solar cell according to another embodiment of the invention;

FIG. 11 is a partial perspective view of a solar cell accord-
ing to another embodiment of the invention;

FIG. 12 is a cross-sectional view taken along the line XII-
XII of FIG. 11; and

FIGS. 13A to 13E are cross-sectional views sequentially
illustrating each of stages in a method of manufacturing a
solar cell according to another embodiment of the invention.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

The invention will be described more fully hereinafter with
reference to the accompanying drawings, in which example
embodiments of the inventions are shown. This invention
may, however, be embodied in many different forms and
should not be construed as limited to the embodiments set
forth herein.

In the drawings, the thickness of layers, films, panels,
regions, etc., are exaggerated for clarity. Like reference
numerals designate like elements throughout the specifica-
tion. It will be understood that when an element such as a
layer, film, region, or substrate is referred to as being “on”
another element, it can be directly on the other element or
intervening elements may also be present. In contrast, when
an element is referred to as being “directly on” another ele-
ment, there are no intervening elements present.

A solar cell according to an embodiment of the invention is
described below in detail with reference to FIGS. 1 to 3.

FIG. 11is a partial perspective view of a solar cell according
to an embodiment of the invention. FIG. 2 is a cross-sectional
view taken along the line II-IT of FIG. 1. FIG. 3 illustrates an
example of a width and a thickness of a front electrode.

As shown in FIG. 1, a solar cell 1 according to an embodi-
ment of the invention includes a substrate 10, an emitter layer
20 on a surface (hereinafter, referred to as “a front surface”) of
the substrate 10 on which light is incident, a transparent
conductive oxide layer 30 on the emitter layer 20, a first
electrode part 40 (hereinafter, referred to as “a front electrode
part”) thatis formed on the transparent conductive oxide layer
30 and electrically connected to the transparent conductive
oxide layer 30, and a second electrode 50 (hereinafter,
referred to as “a rear electrode”) that is formed on a surface
(hereinafter, referred to as “a rear surface”) of the substrate
10, on which the light is not incident, opposite the front
surface of the substrate 10 and is electrically connected to the
substrate 10.

The substrate 10 is formed of a first conductive type silicon,
for example, p-type silicon, though not required. Silicon used
in the substrate 10 is crystalline silicon, such as single crystal
silicon and/or polycrystalline silicon. If the substrate 10 is of
ap-type, the substrate 10 may contain impurities ofa group 111
element such as boron (B), gallium (Ga), and indium (In).
Alternatively, the substrate 10 may be of an n-type, and/or be
formed of other materials than silicon. Ifthe substrate 10 is of
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an n-type, the substrate 10 may contain impurities of a group
V element such as phosphor (P), arsenic (As), and antimony
(Sb).

The emitter layer 20 is formed substantially entirely on the
front surface of the substrate 10. The emitter layer 20 is
formed of a material of a second conductive type (for
example, an n-type) opposite the first conductive type of the
substrate 10, and the semiconductor material (or a material
characteristic) of the emitter layer 20 may be one (e.g., amor-
phous silicon) that is different from the semiconductor mate-
rial (or a material characteristic) of the substrate 10 (e.g.,
non-amorphous silicon). Thus, the emitter layer 20 and the
substrate 10 form a hetero junction as well as a p-n junction.
The n-type emitter layer 20 contains impurities of a group V
element such as P, As, and Sb. Reference to different semi-
conductor material may also refer to different forms of a
semiconductor material.

A plurality of electron-hole pairs produced by light inci-
dent on the substrate 10 is separated into electrons and holes
by a built-in potential difference resulting from the p-n junc-
tion. Then, the separated electrons move to an n-type semi-
conductor, and the separated holes move to a p-type semicon-
ductor. Thus, ifthe substrate 10 is of the p-type and the emitter
layer 20 is of the n-type, the separated holes and the separated
electrons may move to the substrate 10 and the emitter layer
20, respectively.

Because the substrate 10 and the emitter layer 20 form the
p-n junction as described above, the emitter layer 20 may be
of the p-type if the substrate 10 is of the n-type, unlike the
embodiment described above. In this case, the p-type emitter
layer 20 may contain impurities of a group III element such as
B, Ga, and In, and the separated electrons and the separated
holes may move to the substrate 10 and the emitter layer 20,
respectively.

The transparent conductive oxide layer 30 is a conductive
layer based on an oxide layer and transfers carriers (e.g.,
electrons) moving to the emitter layer 20 to the front electrode
part 40. In addition, the transparent conductive oxide layer 30
may serve as an anti-reflection layer. The transparent conduc-
tive oxide layer 30 is formed of a material having specific
resistance (p) lower than the emitter layer 20 and having good
conductivity and transmittance. For example, the transparent
conductive oxide layer 30 may be formed of material selected
from the group consisting of indium tin oxide (ITO), tin-
based oxide (e.g., Sn0O,), AgO, ZnO—Ga,0; (or Al,Oy,),
fluorine tin oxide (FTO), and/or a combination thereof. Other
materials may be used.

The front electrode part 40, as shown in FIG. 1, includes a
plurality of first electrodes (hereinafter, referred to as “a plu-
rality of front electrodes™) 41 and a plurality of current col-
lectors 42.

The plurality of front electrodes 41 are positioned on the
transparent conductive oxide layer 30 to be spaced apart from
one another at a uniform distance, thought not required. Fur-
ther, the front electrodes 41 extend substantially parallel to
one another in a fixed direction. Each of the front electrodes
41 collects carriers (e.g., electrons) moving to the emitter
layer 20 through the transparent conductive oxide layer 30.

The plurality of current collectors 42 are positioned at the
same level (or surface) as the front electrodes 41 and are
electrically connected to the front electrodes 41. The current
collectors 42 extend substantially parallel to one another in a
direction crossing the front electrodes 41. The current collec-
tors 42 collect carriers received from the front electrodes 41 to
output the carriers to an external device.
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Each of the front electrodes 41 includes first and second
conductive layers 411 and 412, and each of the current col-
lectors 42 includes first and second conductive layers 421 and
422.

Each of the first conductive layers 411 and 421 is formed
using a direct printing method. In a screen printing method, a
pattern is formed using auxiliary means, such as a pattern
mask. On the other hand, in the direct printing method, such
apattern formed in the screen printing method is not formed,
and the first conductive layers 411 and 421 are formed by
directly coating a desired front electrode pattern and a desired
current collector pattern on the transparent conductive oxide
layer 30. Examples of the direct printing method include an
inkjet printing method, an electro hydrodynamic (EHD) jet
printing method, an offset printing method, a gravure printing
method, a flexo printing method, and an aerosol jet printing
method.

The first conductive layers 411 and 421 are formed of a
conductive metal material. Examples of the conductive metal
material include at least one selected from the group consist-
ing of nickel (Ni), copper (Cu), silver (Ag), aluminum (Al),
tin (Sn), zinc (Zn), indium (In), titanium (Ti), gold (Au), and
a combination thereof.

A width of each of the first conductive layers 411 and 421
varies depending on a material used, and also may vary
depending on a pattern, a shape, a size, etc., of each of the
front electrode 41 and the current collector 42. The width and
aheight of each of the first conductive layers 411 and 421 may
be approximately several um to several nm.

The second conductive layers 412 and 422 are respectively
positioned on the first conductive layers 411 and 421, and are
formed using a plating method. The second conductive layers
412 and 422 may be formed of at least one selected from the
group consisting of Ni, Cu, Ag, Al, Sn, Zn, In, Ti, Au, and a
combination thereof. Other conductive metal materials may
beused. Inthe embodiment, the second conductive layers 412
and 422 are formed using an electroplating method. However,
other plating methods, such as an electroless plating method,
may be used.

A plating condition for forming the second conductive
layers 412 and 422 is that plating is performed only on the first
conductive layers 411 and 421 in consideration of a conduc-
tivity difference between the transparent conductive oxide
layer 30 and the first conductive layers 411 and 421. More
specifically, plating may be performed on a desired portion,
i.e., only on the first conductive layers 411 and 421 by adjust-
ing time required in the plating or a current amount depending
on the conductivity difference between the transparent con-
ductive oxide layer 30 and the first conductive layers 411 and
421 to form the second conductive layers 412 and 422.

A thickness of each of the second conductive layers 412
and 422 thus formed varies depending on the material used,
time required in the plating, the current amount, etc., and also
may vary depending on a shape of the first conductive layers
411 and 421.

A width and a height of each of the second conductive
layers 412 and 422 may be approximately several um to
several tens of um.

The first conductive layers 411 and 421 and the second
conductive layers 412 and 422 formed using different meth-
ods, i.e., respectively using the direct printing method and the
plating method have different densities. A density of the
second conductive layers 412 and 422 formed using the plat-
ing method may be greater than a density of the first conduc-
tive layers 411 and 421 formed using the direct printing
method.
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Each of the front electrode 41 and the current collector 42
thus formed may have a width of about 10 pm to 100 pm and
a height of about 10 um to 20 um depending on a material
used.

The rear electrode 50 is formed substantially entirely on
the rear surface of the substrate 10. The rear electrode 50
collects carriers (e.g., holes) moving to the substrate 10. The
rear electrode 50 is formed of a conductive metal material and
may be formed of various materials depending on a formation
method. For example, if the rear electrode 50 is formed using
a screen printing method, the rear electrode 50 may be formed
of material selected from the group consisting of Ag, Al, and
acombination thereof, or a conductive high polymer mixture.
Ifthe rear electrode 50 is formed using an inkjet method or a
dispensing method, the rear electrode 50 may be formed of
material selected from the group consisting of Ni, Ag, and a
combination thereof. If the rear electrode 50 is formed using
a plating method, the rear electrode 50 may be formed of
material selected from the group consisting of Ni, Cu, Ag, and
acombination thereof. If the rear electrode 50 is formed using
a deposition method, the rear electrode 50 may be formed of
material selected from the group consisting of Al, Ni, Cu, Ag,
Ti, palladium (Pd), chromium (Cr), tungsten (W), and a com-
bination thereof.

FIG. 3 illustrates changes in characteristics of the front
electrodes 41 when the front electrodes 41 are formed using
the plating method as described above.

The front electrode 41 shown in FIG. 3 was completed by
forming the first conductive layer 421 in a desired portion
using, for example, Ag through the direct printing method and
then forming the second conductive layer 422 on the first
conductive layer 421 using the plating method.

The front electrode 41 shown in FIG. 3 had specific resis-
tance p of about 3.3x107% Qm, a width of about 70 um, a
height of about 15 pum, and a cross-sectional area S of about
953 um?. On the other hand, when the front electrode was
formed using Ag through a screen printing method according
to the related art, the front electrode according to the related
art had specific resistance p of about 1x107° Qm, a width of
about 120 um, and a height of about 30 pum.

As described above, in the embodiment, because the first
conductive layers 411 and 421 are formed using the direct
printing method capable of forming a layer having a density
greater than a related art layer formed using the screen print-
ing method, the densities of the first conductive layers 411
and 421 are greater than a density of the related art layer, and
thus specific resistances of the first conductive layers 411 and
421 greatly decrease. Further, cross-sectional areas of the first
conductive layers 411 and 421 used as a seed layer of a plating
process for forming the front electrode 41 and the current
collector 42 decrease, and widths of the first conductive layers
411 and 421 used as the seed layer decrease.

In addition to the first conductive layers 411 and 421,
because the second conductive layers 412 and 422 are formed
using the plating method capable of forming a layer having a
density greater than a layer formed using the direct printing
method, specific resistances of the front electrode 41 and the
current collector 42 further decrease. Thus, electrical conduc-
tivities of the front electrode 41 and the current collector 42
greatly increase.

Specific resistance of the front electrode 41 was reduced to
about %3 of specific resistance of the related art front electrode
because of these reasons, and also the cross-sectional area of
the front electrode 41 required to serve as an electrode was
reduced to about Y4 of a cross-sectional area of the related art
front electrode because of a reduction in the specific resis-
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tance. Thus, the width and the height of the front electrode 41
were greatly reduced as compared with the related art front
electrode.

As above, because the widths of the front electrodes 41 and
the current collectors 42 formed on the front surface of the
substrate 10 corresponding to the incident surface are
reduced, the light receiving area of the solar cell 1 increases.
Hence, the efficiency of the solar cell 1 is improved. Further,
the manufacturing cost of the solar cell 1 is reduced because
of a reduction in the widths and the heights of the front
electrodes 41 and the current collectors 42. Because the total
height of the solar cell 1 is reduced, it is easy to perform a
laminating process required to manufacture a solar cell mod-
ule.

An operation of the solar cell 1 according to the embodi-
ment of the invention having the above-described structure is
described below.

When light irradiated to the solar cell 1 is incident on the
substrate 10 through the transparent conductive oxide layer
30 and the emitter layer 20, a plurality of electron-hole pairs
are generated in the substrate 10 by light energy based on the
incident light. The electron-hole pairs are separated by the p-n
junction of the substrate 10 and the emitter layer 20, and the
separated electrons move to the n-type emitter layer 20 and
the separated holes move to the p-type substrate 10. Then, the
electrons moving to the n-type emitter layer 20 are collected
by the front electrodes 41 through the transparent conductive
oxide layer 30 and then move to the current collectors 42. The
holes moving to the p-type substrate 10 move to the rear
electrode 50. When the current collectors 42 are connected to
the rear electrode 50 using electric wires, current flows
therein to thereby enable use of the current for electric power.
In this case, because the widths of the front electrodes 41 and
the current collectors 42 formed using the direct printing
method and the plating method decreases, the light receiving
area of the solar cell 1 increases, and thus the efficiency of the
solar cell 1 is improved.

The solar cell 1 according to the embodiment of the inven-
tion may further include a back surface field (BSF) layer
between the substrate 10 and the rear electrode 50. In this
case, the BSF layer is formed of amorphous semiconductor,
such as amorphous silicon, and is more heavily doped with
impurities of the same conductive type as the substrate 10
than the substrate 10. Thus, the movement of unwanted car-
ries (e.g., electrons) to the rear surface of the substrate 10 is
prevented or reduced by a potential barrier resulting from a
difference between impurity doping concentrations of the
substrate 10 and the BSF layer. In other words, the BSF layer
prevents or reduces a recombination and/or a disappearance
of the electrons and the holes around the surface of the sub-
strate 10.

A method of manufacturing the solar cell 1 according to the
embodiment of the invention is described below with refer-
ence to FIGS. 4A to 4D.

FIGS. 4A to 4D are cross-sectional views sequentially
illustrating each of stages in a method of manufacturing a
solar cell according to an embodiment of the invention.

First, as shown in FIG. 4A, an n-type amorphous silicon
thin film is formed on the substrate 10 formed of p-type single
crystal silicon to form the emitter layer 20. The emitter layer
20 is formed on the substrate 10 using a stacking method,
such as a chemical vapor deposition (CVD) method and/or a
physical vapor deposition (PVD) method. Other methods
may be used for the emitter layer 20.

Before forming the emitter layer 20, a saw damage removal
process for removing a damage generated in the surface of the
substrate 10, a texturing process for forming a plurality of
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uneven portions on the surface of the substrate 10 to increase
an amount of incident light, a substrate cleaning process, etc.,
may be performed to thereby improve a surface state of the
substrate 10. Since these processes are widely known to those
skilled in the art, a further description may be briefly made or
may be entirely omitted.

Next, as shown in FIG. 4B, the transparent conductive
oxide layer 30 is formed on the emitter layer 20. The trans-
parent conductive oxide layer 30 may be formed by coating a
paste for the transparent conductive oxide layer 30 on the
emitter layer 20 and then performing a thermal process, a
deposition process, such as a sputtering process, or a plating
process on the coated paste. The transparent conductive oxide
layer 30 may be formed of material selected from the group
consisting of indium tin oxide (ITO), tin-based oxide (e.g.,
Sn0,), AgO, ZnO—Ga,0; (or ZnO—AlL,0;), fluorine tin
oxide (FTO), and a combination thereof. Other materials may
be used.

Next, as shown in FIG. 4C, the plurality of first conductive
layers 411 of a desired shape for the plurality of front elec-
trodes 41 and the plurality of first conductive layers 421 of a
desired shape for the plurality of current collectors 42 are
formed in desired portions of the transparent conductive
oxide layer 30 using the direct printing method. The direct
printing method used to form the first conductive layers 411
and 421 may be one of'the inkjet printing method, the EHD jet
printing method, the offset printing method, the gravure print-
ing method, the flexo printing method, and the aerosol jet
printing method or others. The first conductive layers 411 and
421 may be formed of at least one conductive metal material
selected from the group consisting of Ni, Cu, Ag, Al, Sn, Zn,
In, Ti, Au, and a combination thereof.

The first conductive layers 411 and 421 formed using the
direct printing method each have a density greater than and
specific resistance less than a layer formed using the screen
printing method. Further, it is difficult to reduce a width of the
layer formed using the screen printing method to a desired
width because of characteristics of the screen printing
method. However, a width of each of the first conductive
layers 411 and 421 formed using the direct printing method is
smaller than a minimum width of the layer formed using the
screen printing method.

Next, as shown in FIG. 4D, an electroplating process is
performed using each of the first conductive layers 411 and
421 as a seed layer to form the second conductive layers 412
and 422 on formation portions of the first conductive layers
411 and 421. Hence, the plurality of front electrodes 41 each
including the first and second conductive layers 411 and 412
and the plurality of current collectors 42 each including the
first and second conductive layers 421 and 422 are completed.

In the electroplating process illustrated in FIG. 4D, plating
is performed only on desired portions (i.e., only on the first
conductive layers 411 and 421) in consideration of conduc-
tivity difference using a difference between specific resis-
tances of the first conductive layers 411 and 421 and specific
resistance of the transparent conductive oxide layer 30 to
form the second conductive layers 412 and 422. Because a
layer formed using the plating method has characteristics
better than a layer formed using the direct printing method,
the densities of the second conductive layers 412 and 422 are
greater than the densities of the first conductive layers 411
and 421.

In the embodiment of the invention, because the direct
printing method and the plating method are used to form the
front electrodes 41 and the current collectors 42 instead of the
screen printing method, the manufacturing cost of the solar
cell 1 is reduced.
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In other words, in case of a hetero junction solar cell,
because an amorphous semiconductor is stacked on a crys-
talline semiconductor substrate to form an emitter layer, a
subsequent process has to be performed at a low temperature
equal to or less than about 200° C. so as to prevent or reduce
a damage of the emitter layer at a high temperature. Accord-
ingly, in the related art, a front electrode was formed using a
low temperature fired paste capable of performing (or
enabling) a firing process at a low temperature. However,
because the low temperature fired paste is generally more
expensive than a high temperature fired paste, the manufac-
turing cost of the related art solar cell is increased, and effi-
ciency of the related art solar cell is reduced because of an
increase in the specific resistance of the front electrode.

On the other hand, when the front electrodes 41 and the
current collectors 42 are formed according to the method
described in the present embodiment, the manufacturing cost
of the solar cell 1 is reduced because the expensive low
temperature fired paste is not used.

Further, because the direct printing method and the plating
method capable of forming a layer having a density greater
than alayer formed using the screen printing method are used,
the conductivities of the front electrodes 41 and the current
collectors 42 is improved. Hence, the widths of the front
electrodes 41 and the current collectors 42 may be reduced to
a desired width without a reduction in a carrier transfer rate.
As a result, the light receiving area of the solar cell 1
increases.

Furthermore, because the plating method may be per-
formed at a normal temperature and enables a large number of
layers to be formed at once, the manufacturing efficiency of
the solar cell 1 is improved.

Next, after the front electrodes 41 and the current collectors
42 are formed, the rear electrode 50 is formed substantially on
the entire rear surface of the substrate 10 to complete the solar
cell 1 shown in FIG. 1. The rear electrode 50 is formed by
coating a rear electrode paste on the rear surface of the sub-
strate 10 using the screen printing method and then firing the
rear electrode paste. Other methods, such as a plating method,
a physical vapor deposition (PVD) method such as a sputter-
ing method and an electron beam (E-beam) evaporation
method, and a chemical vapor deposition (CVD) method,
may be used.

FIG. 5 is a partial cross-sectional view of a solar cell
according to an embodiment of the invention.

As shown in FIG. 5, a solar cell 1a according to an embodi-
ment of the invention has a structure similar to the solar cell 1
shown in FIG. 1. Thus, structures and components identical or
equivalent to those illustrated in FIG. 1 are designated with
the same reference numerals, and a further description may be
briefly made or may be entirely omitted. Further, since the
solar cell 1a shown in FIG. 5 has the same disposition dia-
gram as the solar cell 1 shown in FIG. 1, adisposition diagram
of the solar cell 1a is omitted.

Thesolar cell 1a according to the embodiment of the inven-
tion includes a substrate 10, an emitter layer 20 on a front
surface of the substrate 10 on which light is incident, a trans-
parent conductive oxide layer 30 on the emitter layer 20, a
plurality of front electrodes 400 that are formed on the trans-
parent conductive oxide layer 30 and electrically connected to
the transparent conductive oxide layer 30, and a rear electrode
50 that is formed on a rear surface of the substrate 10, on
which the light is not incident, opposite the front surface of
the substrate 10 and is electrically connected to the substrate
10. The solar cell 1a of FIG. 5 further includes a plurality of
current collectors, that are electrically connected to the plu-
rality of front electrodes 400 and extend substantially parallel
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to one another in a direction crossing the front electrodes 400,
in the same manner as the solar cell 1 shown in FIG. 1.

Unlike the front electrodes 41 of the solar cell 1 shown in
FIG. 1, the front electrodes 400 of the solar cell 1a each
include one conductive layer. Further, a height of the front
electrode 400 is greater than the height of the front electrode
41, and thus an aspect ratio of the front electrode 400 is
greater than an aspect ratio of the front electrode 41. Hence,
conductivity of the front electrodes 400 is improved. As a
result, efficiency of the solar cell 1a is further improved
compared with the efficiency of the solar cell 1.

FIGS. 6A to 6E are cross-sectional views sequentially
illustrating each of stages in a method of manufacturing the
solar cell 1a according to the embodiment of the invention.

As shown in FIGS. 6A and 6B, the emitter layer 20 is
formed on the substrate 10, and then the transparent conduc-
tive oxide layer 30 is formed on the emitter layer 20 in the
same manner as FIGS. 4A and 4B.

Next, as shown in FIG. 6C, a plurality of plating resist
layers 60 formed of a polymer-based insulating material are
formed on portions of the transparent conductive oxide layer
30, except where the front electrodes 400 will be formed,
using a direct printing method. Hence, portions of the trans-
parent conductive oxide layer 30, on which the plating resist
layers 60 are not formed, become exposed. Examples of the
direct printing method includes an inkjet printing method, an
EHD jet printing method, an offset printing method, a gravure
printing method, a flexo printing method, and an aerosol jet
printing method. The plating resist layers 60 may be formed
on the transparent conductive oxide layer 30 using other
methods other than the direct printing method.

Next, as shown in FIG. 6D, a plating process is performed
using the exposed portions of the transparent conductive
oxide layer 30 as a seed layer to form a plating material on the
exposed portions of the transparent conductive oxide layer 30
to a desired thickness. Hence, the front electrodes 400 are
formed.

Next, as shown in FIG. 6E, the plating resist layers 60 are
removed using an etching process to complete the front elec-
trodes 400. In this case, an etch stop layer may be formed in
a portion where the etching process does not need to be
performed, and then the etch stop layer may be removed after
performing the etching process. In the embodiment, a thick-
ness of the front electrode 400 varies depending on a material
used, a thickness of the plating resist layer 60, time required
in the plating process, etc.

Furthermore, when the front electrodes 400 are formed, the
plurality of current collectors are formed on the transparent
conductive oxide layer 30 in the same manner as a formation
method of the front electrodes 400.

Subsequently, the rear electrode 50 is formed on the rear
surface of the substrate 10 in the same manner as a formation
method of the rear electrode 50 shown in FIG. 1 to complete
the solar cell 14 shown in FIG. 5.

As above, because the front electrodes 400 are formed
using the plating method capable of greatly increasing a den-
sity of a formation layer without using the screen printing
method, specific resistance of the front electrodes 400 is
greatly reduced, and conductivity of the front electrodes 400
increases as described above with reference to FIGS. 1 to 4D.
Thus, the front electrodes 400 each having smaller width and
height than the related art may be formed without a reduction
in a carrier transfer rate.

Further, if the front electrodes 400 are formed only in
desired portions using the plating resist layers 60 formed of
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the insulating material, an aspect ratio of the front electrode
400 may be greater than the aspect ratio of the front electrode
41 shown in FIGS. 1 to 4D.

In other words, because the plating is performed on non-
formation portions of the plating resist layers 60 (i.e., the
exposed portions of the transparent conductive oxide layer
30), a thickness of a plating layer is formed in proportionto a
thickness of the plating resist layer 60.

Accordingly, if the thickness of the plating resist layer 60
increases, the front electrode 400 having the thickness equal
to or greater than the thickness of the plating resist layer 60
may be obtained. Hence, the front electrode 400 correspond-
ing to a plating layer thicker than the front electrode 41
including the first and second conductive layers 411 and 412
may be obtained by employing (or varying) the thickness of
the plating resist layer 60.

As aresult, aspect ratios of the front electrode 400 and the
current collector of the solar cell 1a are greater than aspect
ratios of the front electrode 41 and the current collector 42 of
the solar cell 1. Further, resistances of the front electrode 400
and the current collector of the solar cell 1a are less than
resistances of the front electrode 41 and the current collector
42 of the solar cell 1. Conductivities of the front electrode 400
and the current collector of the solar cell 1a are greater than
conductivities of the front electrode 41 and the current col-
lector 42 of the solar cell 1. Thus, the efficiency of the solar
cell 1a is improved compared with the solar cell 1.

As described above, because the front electrodes 400 and
the current collectors of the solar cell 1a are formed using the
direct printing method and the plating method without using
a low temperature fired paste, the manufacturing cost of the
solar cell 1a is greatly reduced. Further, because the plating
method capable of processing a large number of layers at once
at a normal temperature is used, the manufacturing efficiency
of'the solar cell 1a is improved.

The embodiments in which the front electrodes 41 and 400,
and the current collectors 42 are formed using the direct
printing method and the plating method may be applied to
other solar cells other than the solar cells 1 and 14 illustrated
in FIGS. 1 to 6E.

Other solar cells to which the embodiments of the inven-
tion are applied are described below.

FIG. 7 is a partial cross-sectional view of a solar cell
according to an embodiment of the invention.

As shown in FIG. 7, a solar cell 15 according to an embodi-
ment of the invention, similar to the solar cells 1 and 1a shown
in FIGS. 1 and 5, includes a substrate 10, an emitter layer 20,
a transparent conductive oxide layer 30, a plurality of front
electrodes 41 (or 400), and a plurality of rear electrodes 51.

Unlike the solar cells 1 and 1a shown in FIGS. 1 and 5, the
solar cell 15 further includes a transparent conductive oxide
layer 31 on a rear surface of the substrate 10. The transparent
conductive oxide layer 31 is formed between the substrate 10
and the rear electrodes 51 using the same formation method as
the transparent conductive oxide layer 30.

The transparent conductive oxide layer 31 has functions
similar to the transparent conductive oxide layer 30. More
specifically, the transparent conductive oxide layer 31 is used
as a path for transferring carriers (e.g., holes) moving to the
substrate 10 to the plurality of rear electrodes 51 and serves as
an anti-reflection layer.

The plurality of rear electrodes 51 are formed on portions
of the transparent conductive oxide layer 31 using the same
formation method as the front electrodes 41 (or 400). Each of
the rear electrodes 51 includes a first conductive layer formed
using a direct printing method and a second conductive layer
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formed using a plating method, or includes a conductive layer
formed using a plating method.

The plurality of rear electrodes 51 are mainly positioned in
portions facing the front electrodes 41 (or 400) and extend
substantially parallel to one another in a fixed direction (for
example, in the same direction as the front electrodes 41 (or
400)). Further, the rear electrodes 51 are electrically con-
nected to the transparent conductive oxide layer 31 and col-
lect carriers transferred through the transparent conductive
oxide layer 31.

In the solar cell 15, the transparent conductive oxide layers
30 and 31 are respectively formed on the front surface and the
rear surface of the substrate 10, and the plurality of rear
electrodes 51 are spaced apart from one another in the same
manner as the front electrodes 41 (or 400). Because light is
incident on the substrate 10 through both the front surface and
the rear surface of the substrate 10, an amount of light incident
on the solar cell 15 increases.

The solar cell 15 may further include a plurality of current
collectors that are formed on the transparent conductive oxide
layer 30 on the front surface of the substrate 10 and extend in
a direction crossing the plurality of front electrodes 41 (or
400), and a plurality of current collectors that are formed at an
edge of the transparent conductive oxide layer 31 on the rear
surface of the substrate 10 and extend in a direction crossing
the plurality of rear electrodes 51. The current collectors on
the transparent conductive oxide layer 30 have the same struc-
ture as the front electrodes 41 (or 400), and the current col-
lectors on the transparent conductive oxide layer 31 have the
same structure as the rear electrodes 51. Thus, when the front
electrodes 41 (or 400) and the rear electrodes 51 are formed,
the current collectors are formed at corresponding locations.

As described above with reference to FIGS. 1 to 6E, in the
solar cell 15, the manufacturing cost is reduced, manufactur-
ing efficiency is improved, and operation efficiency is further
improved because an amount of light incident on the substrate
10 increases.

Since components of the solar cell 15 including the trans-
parent conductive oxide layer 31 and the rear electrodes 51
are formed using the same manufacturing method as FIG. 1
and FIGS. 4A to 4D or FIG. 5 and FIGS. 6A to 6E, a detailed
description of a method of manufacturing the solar cell 15
may be briefly made or may be entirely omitted. Further,
since the current collectors connected to the front electrodes
41 (or 400) and the current collectors connected to the rear
electrodes 51 are formed using the same method as the front
electrodes 41 (or 400) and the rear electrodes 51 when the
front electrodes 41 (or 400) and the rear electrodes 51 are
formed, a further description may be briefly made or may be
entirely omitted.

Since a disposition diagram of the solar cell 15 is substan-
tially the same as the solar cell 1 shown in FIG. 1, except that
the rear electrodes 51 and the current collectors connected to
the rear electrodes 51 have substantially the same shape as the
front electrodes 41 and the current collectors 42 of the solar
cell 1 shown in FIG. 1, the disposition diagram of the solar,
cell 15 is omitted.

A solar cell 1c according to an embodiment of the invention
is described below with reference to FIGS. 8 to 10E. Struc-
tures and components identical or equivalent to those illus-
trated in the solar cells 1, 1a, and 15 described above are
designated with the same reference numerals, and a further
description may be briefly made or may be entirely omitted.
Inthe solar cell 1¢, both first and second electrodes are formed
on a rear surface of a substrate 10 on which light is not
incident.
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FIG. 8 is a partial perspective view of the solar cell 1c
according to the embodiment of the invention. FIG. 9 is a
cross-sectional view taken along the line IX-IX of FIG. 8;

The solar cell 1¢ shown in FIGS. 8 and 9 includes a sub-
strate 10 formed of crystalline silicon, a plurality of emitter
layers 21 and a plurality of BSF layers 71 on a rear surface of
the substrate 10, a passivation layer 91 on a front surface of
the substrate 10, an anti-reflection layer 35 on the passivation
layer 91, a plurality of first electrodes 45 respectively posi-
tioned on the plurality of emitter layers 21, and a plurality of
second electrodes 55 respectively positioned on the plurality
of BSF layers 71.

The plurality of emitter layers 21 on the rear surface of the
substrate 10 extend substantially parallel to one another in a
fixed direction and are formed of amorphous semiconductor
such as amorphous silicon.

Because the plurality of emitter layers 21 and the substrate
10 form a p-n junction as described above, the plurality of
emitter layers 21 contain impurities of a conductive type
opposite a conductive type of the substrate 10.

The plurality of emitter layers 21 and the plurality of BSF
layers 71 are alternately formed on the rear surface of the
substrate 10. The plurality of BSF layers 71 extend substan-
tially parallel to one another along the plurality of emitter
layers 21.

The BSF layers 71 are formed of amorphous semiconduc-
tor such as amorphous silicon. The BSF layers 71 are regions
(e.g., p+-type regions) that are more heavily doped with
impurities of the same conductive type as the substrate 10
than the substrate 10.

The movement of electrons to the rear surface of the sub-
strate 10 is prevented or reduced by a potential barrier result-
ing from a difference between impurity doping concentra-
tions of the substrate 10 and the BSF layers 71. Thus, the BSF
layers 71 prevent or reduce a recombination and/or a disap-
pearance of the electrons and the holes around the surface of
the substrate 10.

The passivation layer 91 on the front surface of the sub-
strate 10 converts defects, like a dangling bond, existing
around the surface of the substrate 10 into stable bonds to
prevent or reduce a recombination and/or a disappearance of
carriers (e.g., holes) moving to the substrate 10 resulting from
the defects.

In the embodiment, the passivation layer 91 is formed of
amorphous semiconductor, such as amorphous silicon. The
passivation layer 91 may be formed of silicon oxide (SiOx) or
silicon nitride (SiNx), for example.

The anti-reflection layer 35 on the passivation layer 91
reduces a reflectance of light incident on the solar cell 1¢ and
increases a selectivity of a predetermined wavelength band.
Hence, the efficiency of the solar cell 1c¢ is improved. The
anti-reflection layer 35 is a transparent layer, formed of a
transparent material, having a refractive index of about 1.8 to
2.2. The anti-reflection layer 35 is formed of silicon oxide
(Si0x) or silicon nitride (SiNx), for example.

Although the plurality of first electrodes 45 and the plural-
ity of second electrodes 55 are different from each other in a
formation location, the plurality of first electrodes 45 and the
plurality of second electrodes 55 have the same structure as
the first electrode 41 of the solar cell 1 illustrated in FIGS. 1
and 2. Thus, each of the first electrodes 45 includes a first
conductive layer 451, and a second conductive layer 452 on
the first conductive layer 451, and each of the second elec-
trodes 55 includes a first conductive layer 551, and a second
conductive layer 552 on the first conductive layer 551.

The first conductive layers 451 and 551 are formed of at
least one conductive metal material selected from the group
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consisting of Ni, Cu, Ag, Al, Sn, Zn, In, Ti, Au, and a com-
bination thereof, or a transparent conductive material, such as
Al-doped ZnO (AZO) and ITO, using a direct printing
method. A width and a height of each of the first conductive
layers 451 and 551 may be approximately several um to
several nm.

The second conductive layers 452 and 552 are respectively
formed on the first conductive layers 451 and 551 through a
plating method (for example, an electroplating method) using
the first conductive layers 451 and 551 as a seed layer. The
second conductive layers 452 and 552 are formed of at least
one conductive metal material selected from the group con-
sisting of Ni, Cu, Ag, Al, Sn, Zn, In, Ti, Au, and a combination
thereof.

The plurality of first electrodes 45 collect carriers moving
to the emitter layers 21, and the plurality of second electrodes
55 collect carriers moving through the BSF layers 71.

As described above, because the first electrodes 45 and the
second electrodes 55 are formed using the direct printing
method and the plating method, a density of each of the first
and second electrodes 45 and 55 increases as described above
with reference to FIGS. 1 and 2. Hence, a carrier transfer rate
of each of the first and second electrodes 45 and 55 increases.
As a result, the efficiency of the solar cell 1¢ is improved.
Further, because an electrode density of the rear surface of the
substrate 10 is reduced by a reduction in the width of each of
the first and second electrodes 45 and 55, the number of first
electrodes 45 and the number of second electrodes 55 can
increase. Thus, the carrier transfer efficiency of the solar cell
1c is improved.

FIGS. 10A to 10E are cross-sectional views sequentially
illustrating each of stages in a method of manufacturing the
solar cell 1¢ according to the embodiment of the invention.

First, as shown in FIG. 10A, amorphous silicon is stacked
on the substrate 10 formed of first conductive type crystalline
silicon to form the passivation layer 91. Then, as shown in
FIG. 10B, silicon oxide (SiOx) or silicon nitride (SiNx) is
stacked on the passivation layer 91 to form the anti-reflection
layer 35. The passivation layer 91 and the anti-reflection layer
35 may be formed using a CVD method or a PVD method, for
example.

Next, as shown in FIGS. 10C and 10D, a stack prevention
layer or a mask is positioned on a corresponding portion of the
rear surface of the substrate 10, and then amorphous silicon
containing second conductive type impurities is stacked on
exposed portions of the rear surface of the substrate 10, on
which the stack prevention layer or the mask is not positioned,
to form the plurality of emitter layers 21 and the plurality of
BSF layers 71. Then, the stack prevention layer or the mask is
removed. The emitter layers 21 and the BSF layers 71 may be
formed using a PECVD method or a sputtering method, for
example. The stacking order of the emitter layers 21 and the
BSF layers 71 may vary.

Next, as shown in FIG. 10E, the first conductive layers 451
and 551 are respectively formed on the emitter layers 21 and
the BSF layers 71 using the direct printing method, similar to
the process illustrated in FIC. 4C. The first conductive layers
451 and 551 are formed of a transparent conductive material
or a conductive metal material.

Next, similar to the description illustrated in FIC. 1, the
transparent conductive material or the conductive metal
material is plated on the first conductive layers 451 and 551
using an electroplating method using the first conductive
layers 451 and 551 as a seed layer to form the second con-
ductive layers 452 and 552. Hence, the plurality of first elec-
trodes 45 and the plurality of second electrodes 55 are formed
to complete the solar cell 1¢ shown in FIGS. 8 and 9.
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A solar cell 14 according to an embodiment of the inven-
tion is described below with reference to FIGS. 11 and 13E.
Structures and components identical or equivalent to those
illustrated in the solar cells 1, 1a, 15, and 1¢ described above
are designated with the same reference numerals, and a fur-
ther description may be briefly made or may be entirely
omitted. In the solar cell 14, both first and second electrodes
are formed on a rear surface of a substrate 10 on which light
is not incident.

FIG. 11 is a partial perspective view of the solar cell 1d
according to the embodiment of the invention. FIG. 12 is a
cross-sectional view taken along the line XII-XII of FIG. 11.
The solar cell 14 shown in FIGS. 11 and 12 has substantially
the same structure as the solar cell 1¢ shown in FIGS. 8 and 9,
except a structure of each of a plurality of first electrodes and
a plurality of second electrodes.

The solar cell 14 shown in FIGS. 11 and 12 includes a
substrate 10 formed of crystalline silicon, a plurality of emit-
ter layers 21 and a plurality of BSF layers 71 on a rear surface
of'the substrate 10, a passivation layer 91 on a front surface of
the substrate 10, an anti-reflection layer 35 on the passivation
layer 91, a plurality of first electrodes 45a respectively posi-
tioned on the plurality of emitter layers 21, and a plurality of
second electrodes 55a respectively positioned on the plurality
of BSF layers 71.

The plurality of first electrodes 45a and the plurality of
second electrodes 55a have the same structure as the front
electrode 400 of the solar cell 1a illustrated in FIG. 5. Thus,
the first electrodes 45a and the second electrodes 55a each
include one conductive layer, unlike the first and second
electrodes 45 and 55 of the solar cell 1¢ illustrated in FIGS. 8
and 9. An aspect ratio of the first and second electrodes 45a
and 55a is greater than an aspect ratio of the first and second
electrodes 45 and 55. Thus, conductivity of the first and
second electrodes 45a and 55a is improved, and the efficiency
of'the solar cell 14 is improved.

A method of manufacturing the solar cell 14 is described
below with reference to FIGS. 13A to 13E as well as FIGS.
10A to 10D. FIGS. 13A to 13E are cross-sectional views
sequentially illustrating each of stages in a method of manu-
facturing the solar cell 1d according to the embodiment of the
invention.

First, as shown in FIGS. 10A to 10D, the passivation layer
91, the anti-reflection layer 35, the plurality of emitter layers
21, and the plurality of BSF layers 71 are formed on the
substrate 10.

Next, as shown in FIG. 13A, a conductive layer 80 is
formed on the entire rear surface of the substrate 10, on which
the plurality of emitter layers 21 and the plurality of BSF
layers 71 are formed, using a CVD method or a PVD method.
The conductive layer 80 is formed of a transparent conductive
material or a conductive metal material and has a height of
about several um to several nm.

Next, as shown in FIG. 13B, plating resist layers 60 formed
of an insulating material are formed on portions of the con-
ductive layer 80 using the direct printing method. Hence,
portions ofthe conductive layer 80, on which the plating resist
layers 60 are not formed, are exposed to the outside. Alterna-
tively, the plating resist layers 60 may be formed on the
conductive layer 80 using other methods instead of the direct
printing method.

Next, as shown in FIG. 13C, similar to the process illus-
trated in FIC. 6D, a plating process is performed using the
exposed portions of the conductive layer 80 as a seed layer to
form a plating material on the exposed portions of the con-
ductive layer 80 to a desired thickness. Hence, the first and
second electrodes 45a and 554 are formed. The formation
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thicknesses of the first and second electrodes 454 and 55a
vary depending on a material used, a thickness of the plating
resist layer 60, time required in the plating process, etc.

Next, as shown in FIGS. 13D and 13E, etch stop layers 65
are formed on the first and second electrodes 45a and 554, and
then the exposed plating resist layers 60 and the portions of
the conductive layer 80 underlying the exposed plating resist
layers 60 are sequentially removed. The exposed plating
resist layers 60 and the portions of the conductive layer 80
underlying the exposed plating resist layers 60 may be
removed through a dry or wet etching process.

Next, the etch stop layers 65 are removed to complete the
solar cell 14 shown in FIGS. 11 and 12.

As described above, in the solar cells according to the
embodiments of the invention, the first and second electrodes
may be formed on the same surface of the substrate. Hence,
because at least one of the first and second electrodes is
formed using the plating process, the widths of the first and
second electrodes decrease and the size of the light receiving
portion of the solar cell increases. Thus, the efficiency of the
solar cell is improved.

Furthermore, because the density of the electrode formed
using the plating process increases, the conductivity of the
electrode is improved. Thus, the efficiency of the solar cell is
further improved.

In addition, because the expensive low temperature fired
paste is not used to form the first and second electrodes, the
manufacturing cost of the solar cell is reduced.

Although embodiments have been described with refer-
ence to a number of illustrative embodiments thereof, it
should be understood that numerous other modifications and
embodiments can be devised by those skilled in the art that
will fall within the scope of the principles of this disclosure.
More particularly, various variations and modifications are
possible in the component parts and/or arrangements of the
subject combination arrangement within the scope of the
disclosure, the drawings and the appended claims. In addition
to variations and modifications in the component parts and/or
arrangements, alternative uses will also be apparent to those
skilled in the art.

What is claimed is:

1. A solar cell, comprising:

a crystalline semiconductor substrate having a first type

conductivity;

an emitter layer formed on a front surface of the crystalline

semiconductor substrate,

wherein the emitter layer is formed of a material of a

second type conductivity opposite of the first type con-
ductivity, the material of the emitter layer is different
from that of the crystalline semiconductor substrate, and
the emitter layer forms a hetero junction as well as a p-n
junction with the crystalline semiconductor substrate;

a first transparent conductive oxide layer positioned on the

emitter layer;

a second transparent conductive oxide layer positioned on

arear surface of the crystalline semiconductor substrate;

a first electrode part positioned on the first transparent

conductive oxide layer and electrically connected to the
emitter layer through the first transparent conductive
oxide layer, wherein the first electrode part includes a
plurality of first electrodes spaced apart from one
another in a first direction and a first electrode collector
in a second direction crossing the first direction; and

a second electrode part positioned on the second transpar-

ent conductive oxide layer and electrically connected to
the rear surface of the crystalline semiconductor sub-
strate through the second transparent conductive oxide
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layer, wherein the second electrode part includes a plu-
rality of second electrodes spaced apart from one
another in the first direction and a second electrode
collector in the second direction crossing the first direc-
tion,

wherein the first electrode part includes a first seed layer
directly positioned on the first transparent conductive
oxide layer, a first plated layer positioned on the first
seed layer and electrically connected to the emitter layer
through the first seed layer and the first transparent con-
ductive oxide layer,

wherein the second electrode part includes a second seed
layer directly positioned on the second transparent con-
ductive oxide layer, a second plated layer positioned on
the second seed layer and electrically connected to the
crystalline semiconductor substrate through the second
seed layer and the second transparent conductive oxide
layer,

wherein the first electrode part and the second electrode
part further include at least one of Ni, Cu, Ag, Al, Sn, Zn,
In, Ti and Au,

wherein the first transparent conductive oxide layer and the
first seed layer have different conductivities, and

wherein the second transparent conductive oxide layer and
the second seed layer have different conductivities.

2. The solar cell of claim 1, wherein a density of each of the
first seed layer and the second seed layer is different from a
density of each of the first plated layer and the second plated
layer.

3. The solar cell of claim 2, wherein the density of the first
plated layer is greater than the density of the first seed layer,
and

wherein the density of the second plated layer is greater
than the density of the second seed layer.

4. The solar cell of claim 1, wherein at least one of the
plurality of first electrodes and the plurality of second elec-
trodes has specific resistance of about 3.3x107° Qcm.

5. The solar cell of claim 1, wherein at least one of the
plurality of first electrodes and the plurality of second elec-
trodes has a width of about 10 um to 100 um, and

wherein at least one of the plurality of first electrodes and
the plurality of second electrodes has a height of about
10 um to 20 pm.

6. The solar cell of claim 1, wherein the emitter layer is

formed of amorphous silicon.

7. A solar cell comprising:

a substrate formed of a first conductive type semiconduc-
tor;

an emitter layer formed on a rear surface of the substrate,
wherein the emitter layer is formed of a material of a
second conductive type semiconductor different from
the first conductive type semiconductor, the material of
the emitter layer is different from that of the substrate,
and the emitter layer forms a hetero junction as well as a
p-n junction with the substrate;

a plurality of first electrodes electrically connected to the
emitter layer;

a back surface field layer formed on the rear surface of the
substrate, wherein the back surface field layer is formed
of the first type conductivity semiconductor more
heavily doped than the substrate; and

a plurality of second electrodes electrically connected to
the back surface field layer,

wherein the plurality of first electrodes include a first seed
layer directly positioned on the emitter layer and a first
plated layer positioned on the first seed layer,
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wherein the plurality of second electrodes include a second
seed layer directly positioned on the back surface field
layer and a second plated layer positioned on the second
seed layer,

wherein the substrate is formed of crystalline silicon and 4
the emitter layer is made of amorphous silicon, and

wherein the back surface field layer is made of amorphous
silicon.

8. The solar cell of claim 7, wherein a density of the first

plated layer is greater than a density of the firstseed layer,and |,

wherein a density of the second plated layer is greater than

a density of the second seed layer.
9. The solar cell of claim 7, wherein the substrate has a
conductive type opposite to a conductive type of the emitter

layer. 15

10. The solar cell of claim 7, wherein the rear surface of the
substrate, on which the plurality of first electrodes and the
plurality of second electrodes are positioned, is opposite to an
incident surface of the substrate.

11. The solar cell of claim 7, further comprising a passiva-

tion layer positioned on a front surface of the substrate, and

wherein the passivation layer includes silicon nitride and
silicon dioxide.

12. The solar cell of claim 11, further comprising an anti-

reflection layer positioned on the passivation layer, 25

wherein the anti-reflection layer includes silicon nitride
and silicon dioxide.
13. The solar cell of claim 1, wherein the first electrode part
and the second electrode part face each other.

14. The solar cell of claim 1, wherein at least one of the 5,

front surface and the rear surface of the crystalline semicon-
ductor substrate includes a textured surface.

15. The solar cell of claim 1, wherein sides of the first
electrode part and the second electrode part are substantially
perpendicular relative to the front surface and the rear surface,
respectively.

20

16. The solar cell of claim 1, further comprising a back
surface field layer positioned on the rear surface of the crys-
talline semiconductor substrate,

wherein the second electrode part is electrically connected

to the crystalline semiconductor substrate through the
back surface field layer, and

wherein the back surface field layer is formed of amor-

phous silicon.

17. The solar cell of claim 16, wherein the first plated layer
directly contacts a side surface of the first seed layer and the
first transparent conductive oxide layer, and

wherein the second plated layer directly contacts a side

surface of the second layer and the second transparent
conductive oxide layer.

18. The solar cell of claim 17, wherein the first and second
transparent conductive oxide layers are formed of a material
selected from the group consisting of indium tin oxide (ITO),
tin-based oxide, SnO,, AgO, Zn0O—Ga,0;, Al,O;, fluorine
tin oxide (FTO), and a combination thereof.

19. The solar cell of claim 7, wherein the first plated layer
directly contacts a side surface of the first seed layer and the
emitter layer, and

wherein the second plated layer directly contacts a side

surface of the second seed layer and the back surface
field layer.
20. The solar cell of claim 7, wherein at least one of the
plurality of first electrodes and the plurality of second elec-
trodes has a width of about 10 um to 100 pum,
wherein at least one of the plurality of first electrodes and
the plurality of second electrodes has a height of about
10 pm to 20 um, and

wherein the plurality of first electrodes and the plurality of
second electrodes include at least one of Ni, Cu, Ag, Al,
Sn, Zn, In, Ti and Au.
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